. Schematic cartoon depicting the change in dimensions that occur when the G 58 H 250 worms are converted into first spherical dimers and then spheres on cooling to 0 o C. There is a significant increase in the mean core radius on switching from worms to spherical dimers to spheres. Figure S2 . Time dependence of the x-ray scattering intensity at q = 0.01 nm -1 for purified silicaloaded G 58 H 250 vesicles after cooling to 0 o C. In this example, the G 58 H 250 vesicles were prepared in the presence of 30 % w/w silica nanoparticles. Figure S3 . Schematic cartoon illustrating control experiments in which either a 5.0 % w/w or a 30.0% w/w aqueous dispersion of glycerol-functionalized silica nanoparticles was added to empty G 58 H 250 diblock copolymer vesicles and subsequently cooled in ice for 30 min. TEM images and dynamic light scattering data (see inset text) indicate that G 58 H 250 spheres were formed in both cases, regardless of the silica concentration. Figure S4 . Relationship between the initial silica nanoparticle concentration against time required for completion of the morphological transition of the G 58 H 250 diblock copolymer vesicles on cooling to 0 o C. The characteristic time taken for the morphological transition was estimated from the change in intensity of the SAXS patterns recorded at q = 0.01 nm -1 . 
. Schematic cartoon depicting the change in dimensions that occur when the G 58 H 250 worms are converted into first spherical dimers and then spheres on cooling to 0 o C. There is a significant increase in the mean core radius on switching from worms to spherical dimers to spheres. 
SAXS Models Used In This Study

Silica-Loaded Vesicle Model
In order to analyze the synchrotron SAXS data obtained for these silica-loaded vesicles, it was necessary to develop an appropriate analytical model. Two types of particles are present in these dispersions: copolymer vesicles (morphology 1) and spherical silica nanoparticles (morphology 2). In general, the silica component scatters X-rays more strongly than the copolymer component. However, it is perhaps worth emphasizing that the silica nanoparticles (morphology 2) dominate the scattering intensity at high q, whereas the much larger vesicles (morphology 1) dominate the scattering at low q. Drawing on our earlier structural characterization of core-shell nanocomposite particles comprising copolymer cores and particulate silica shells 1 , the scattering patterns associated with the silica-loaded copolymer vesicles can be satisfactorily described using a two-population model. In this case, population 1 corresponds to silica-loaded vesicles and population 2 describes the particulate nature of the corresponding vesicle lumen. Thus this two-population model includes a modified version of morphology 1, where the vesicle lumen is assumed to contain silica and hence can be described as a type of core-shell particle (where the X-ray contrast of the lumen core depends on the concentration of the encapsulated silica nanoparticles). In general, the scattering intensity of a system composed of n different (non-interacting) populations of polydisperse objects can be expressed as:
where ‫ܨ‬ ሺ‫,ݍ‬ ‫ݎ‬ ଵ , … , ‫ݎ‬ ሻ is the form factor, ߖ ሺ‫ݎ‬ ଵ , … , ‫ݎ‬ ሻ is the distribution function, N l is the number density per unit volume and ܵ ሺ‫ݍ‬ሻ is the structure factor of the l th population in the system. r l1 ,...,r lk is a set of k parameters describing the structural morphology of the l th population. The two-population model can be derived from Equation S1 by taking n = 2 and S5 assigning the silica-loaded copolymer vesicles to population 1 (l = 1) and the spherical silica nanoparticles within the vesicle lumen to population 2 (l = 2). The form factor for population 1 (vesicles) can be described as:
However, this expression requires modification to represent silica-loaded vesicles: the amplitude of the membrane self-term in Equation S2 must be replaced by an amplitude representing both the membrane (shell) and the silica-loaded lumen (core) expressed as the form factor amplitude for a core-shell spherical particle: the lumen actually has a particulate structure arising from the encapsulated silica nanoparticles. This generates an additional scattering signal that can be described by population 2 (sphere model), for which l = 2 in Equation S1.
Sphere Model
The form factor for this population is simply that for a homogeneous sphere:
where R SiO 2 is the mean radius of the silica nanoparticles. All other parameters and functions in the model for population 2 are analogous to those for population 1 (Equation S2). The polydispersity of one parameter (R SiO 2 ), expressed as a Gaussian distribution, is considered for population 2:
where ߪ ோ ೄೀ మ is the standard deviation for R SiO 2 . The number density per unit volume of population 2 is expressed as:
where c 2 is the total volume fraction of silica particles in the sample and
the volume of a single spherical silica nanoparticle. Since inter-particle interactions are expected for silica nanoparticles occupying the vesicle lumen, a structure factor S 2 (q) should be incorporated into the SAXS analysis using Equation S1
. Approximately 50% of the surface silanol groups on the CC401 silica nanoparticles are glycerol-functionalized, hence such nanoparticles should exhibit significantly lower anionic surface charge compared to conventional aqueous silica sols. 5, 6 Thus in principle the well-known Percus-Yevick approximation 7 for hard spheres might be applicable for this system. In order to validate this hypothesis, SAXS patterns recorded for various concentrations of aqueous silica dispersions were fitted using Equation S1 for a single population using a spherical particle form factor, a particle size distribution and a number density per unit volume as described by Equations S7, S8 and S9, respectively. The Percus-Yevick approximation 7 has a structure factor ܵ ሺ‫,ݍ‬ ܴ , ݂ ሻ, where the interaction radius R PY and effective hard-sphere volume fraction f PY were used as fitting parameters. This approach produced satisfactory fits to the data ( Figure S5 ). This suggests that this relatively simple approximation returns reliable silica volume fractions and hence is suitable for analysis of the rate of release of the silica nanoparticles from the silica-loaded vesicles. Moreover, there is a good correlation between the mass of silica nanoparticles calculated from SAXS fittings (C SiO2mass × 100 %) and the actual silica masses used to prepare these aqueous dispersions ( Table S2 ). Given that two types of silica nanoparticles can be present in the dispersion simultaneously (e.g. packed silica encapsulated within the vesicle lumen with an associated structure factor, plus freely diffusing silica released from the vesicle lumen with no corresponding structure factor), the structure factor term for population 2 (silica nanoparticles) in Equation S1 is expressed as:
where C rel is the volume fraction of the released silica nanoparticles. The volume fraction of encapsulated silica nanoparticles can be obtained from C enc = C SiO 2 -C rel . This refined model was incorporated into Irena SAS macros for Igor Pro software 8 and numerical integration of Equations S1, S6 and S9 was used for data fitting. Figure S5 . SAXS patterns recorded for 0.1% w/w (red squares), 1.0 % w/w (blue circles), 5.0 % w/w (green triangles) and 10 % w/w (orange diamonds) aqueous dispersions of glycerolfunctionalized silica nanoparticles. Data were fitted using an established sphere model incorporating a Percus-Yevick 'hard sphere' structure factor. Table S2 . Summary of parameters (particle volume fraction in the dispersions C SiO2 , particle mass fraction in the dispersion C SiO2mass calculated from C SiO2 assuming that the mass densities of silica and water are 2.19 g cm -3 and 1.00 g cm -3 , respectively, particle radius R SiO2 , standard deviation of the particle radius σ RSiO2 , inter-particle distance R PY and effective volume fraction f PY ) as a result of fitting SAXS data for 0.1, 1.0, 5.0 and 10 % w/w aqueous dispersions of glycerol-functionalized silica nanoparticles using a Percus-Yevick 'hard sphere' structure factor. 
